We compared three different protocols for DNA extraction from horse peripheral blood mononuclear cells (PBMC) and lung fragments, determining average final DNA concentration, purity, percentage of PCR amplification using β-actin, and cost. Thirtyfour samples from PBMC, and 33 samples from lung fragments were submitted to DNA extraction by three different protocols. Protocol A consisted of a phenol-chloroform and isoamylic alcohol extraction, Protocol B used alkaline extraction with NaOH, and Protocol C used the DNAzol ® reagent kit. Protocol A was the best option for DNA extraction from lung fragments, producing high DNA concentrations, with high sensitivity in PCR amplification (100%), followed by Protocols C and B. On the other hand, for PBMC samples, Protocol B gave the highest sensitivity in PCR amplification (100%), followed by Protocols C and A. We conclude that Protocol A should be used for PCR diagnosis from lung fragment samples, while Protocol B should be used for PBMC.
INTRODUCTION
The development of molecular biology in the last few decades has enabled the establishment of a wide variety of techniques applied to investigation in biology that have had a huge influence on medical research (Barry and Eisenstein, 1990 ). Today's molecular methods, such as the polymerase chain reaction (PCR) technique, have made the study of diseases and genetic disorders easier due to their capability to amplify, in an exponential way, copies of specific DNA sequences from clinical samples (Mesquita et al., 2001) , and thus provide good sensitivity for infectious agent detection (Kim and Casey, 1994; Langemeier et al., 1996; Nagarajan and Simard, 2001; Cook et al., 2002; Fernandes et al., 2004) .
In order to perform a PCR diagnostic test, a protocol for DNA extraction from clinical specimens that is easy to perform, fast and that generates contaminant-free product is required to prevent unspecific amplifications (Löffler et al., 1997; Veloso et al., 2000) . Therefore, a technique to obtain enough quantity, purity and integrity of nucleic acids from tissues and cells is essential to molecular biology procedures (Mesquita et al., 2001; Loeffler et al., 2002; González-Mendoza et al., 2010) . The selection of the best method also requires knowledge of the risks to human health, the environment and the final cost.
Usual methods for DNA extraction using organic solvents, followed by alcohol precipitation, are appropriate for cell samples. New methodologies for DNA extraction include a single step of proteinase K digestion (without the use of organic solvents), DNA adsorption in silica membrane or simple methods of sequential precipitation of proteins and DNA (Cler et al., 2006) . DNA extraction using phenol, chloroform and isoamylic alcohol is the usual way to obtain DNA from clinical samples. The treatment of samples with proteinase K is often incorporated for protein degradation in sub-tetrameric fragments, improving PCR efficiency (Wiegers and Hilz, 1971) , and also generating a higher amount of DNA in comparison to protocols that use physical methods (Yang et al., 2007) .
Therefore, efficiency in the DNA extraction method using phenol, chloroform and isoamylic alcohol requires time and toxic solution manipulation, due to the organic solvents that may be hazardous to the environment and to the technician, and also several washing and centrifugation steps increasing the risk of sample contamination (Fernandes et al., 2004) . Several methods have been proposed as an alternative to the use of phenol and chloroform, such as commercial kits for DNA extraction. The use of kits offers a low risk of manipulation and they are faster than conventional protocols, but the amount of DNA recovered from the commercial kits is highly variable (Loffler et al., 1997) .
The objective of the present study was to compare three DNA extraction protocols from peripheral blood mononuclear cells (PBMC) and lung fragments. The following protocols for DNA extraction were tested: Protocol A used extraction with phenol-chloroform and isoamylic alcohol; Protocol B used alkaline extraction with NaOH, and Protocol C used extraction using DNAzol ® reagent. The results of DNA extraction from the different protocols were tested for final DNA concentration, purity, cost, and β-actin amplification.
MATERIAL AND METHODS

Blood sample collection and preparation
Thirty-four blood samples, collected from the jugular veins of equids (Itaobim and Araguari meat-packing plants, MG, Brazil), after antisepsis using iodine in alcohol solution, were collected in 4-mL Vacuntainer ® tubes containing EDTA (VACUETTE ® , Greiner Bio-One Brasil, Americana, SP, Brazil). Whole blood was centrifuged at 300 g for 10 min and the leukocyte layer was separated, adding the same volume of PBS (0.01 M PO 4 , 0.15 M NaCl, pH 7.2). The resulting mixture was carefully placed on Ficoll-Paque, followed by centrifugation at 700 g for 30 min. The corresponding leukocyte portion was separated in another tube and centrifuged at 300 g for 10 min. The supernatant was discarded and the material precipitated was washed with 1 mL PBS (0.01 M PO 4 , 0.15 M NaCl, pH 7.2) by centrifugation at 300 g for 10 min and resuspended in 200 μL NET 100 (5 M NaCl, 1 M Tris-HCl, 0.5 M EDTA, pH 8.0) to be stored at -20°C. The concentration of cells was determined by manual cell counting using a Neubauer chamber and divided into three equal aliquots.
Lung fragment collection and preparation
Thirty-three equid lung fragment samples were collected and prepared as described by Santos (2006) . They were collected in the Itaobim and Araguari meat-packing plants, located in MG, Brazil, and stored at -70°C until use. Two grams lung fragment was macerated in a grail with a pestle and sterile sand. To each sample, 8 mL Hanks' solution was added (BSS Hanks, pH 7.5, CultiLab ® ). Samples were centrifuged at 900 g for 35 min, the supernatant cells were collected and the concentration was determined by manual cell counting using a Neubauer chamber. Samples were divided into three equal aliquots (one aliquot for each protocol), and frozen at -20°C until the moment of use.
DNA extraction Protocol A: DNA extraction using phenol-chloroform and isoamylic alcohol
The method for DNA extraction from PBMC and from lung fragments by phenolchloroform and isoamylic alcohol (Sigma-Aldrich, SP, Brazil) consisted of the addition to each sample of 500 µL STE solution (10 mL 1 M Tris-HCl, pH 8.0, 2 mL 0.5 M EDTA, pH 8.0, and 5 mL 3 M NaCl), 150 µL 20% SDS and of 20 µL proteinase K (5 mg/mL), followed by incubation in a water bath at 56°C for 18 h. Subsequently, a suspension of 80% (v/v) isopropanol (Sigma-Aldrich) was added and then centrifuged at 15,000 g for 30 min. The precipitated material was resuspended in ultra-pure water, and the solution washed twice in a mixture of phenol-chloroform and isoamylic alcohol (25:24:1), and the supernatant aqueous phase was recovered using a final wash using a mixture of chloroform-isoamylic alcohol (24:1). Sodium acetate (3 M) and absolute ethanol (Merck, Darmstadt, Germany) were added to the solution, which was then incubated at -20°C for 18 h. After incubation, the solution was centrifuged for 30 min at 14,000 g and, subsequently, the precipitated DNA was washed with 75 and 100% ethanol and DNA was resuspended in 15 µL ultra-pure water and stored at -20°C.
Protocol B: DNA extraction using NaOH
The DNA extraction with NaOH consisted of two washings of 100 μL of the PBMC samples and macerated lung fragments with 400 μL TNE (0.1 M Tris, pH 8.0, 0.15 M NaCl, 0.005 M EDTA) by centrifugation at 10,500 g for 3 min. The supernant was separated and the precipitated material resuspended in 40 μL lysis solution (50 mM NaOH). The material was homogenized using a vortex for 5 min. The samples were heated at 95°C for 5 min in a water bath, and finally resuspended in 15 μL 0.5 M Tris-HCl, pH 8, and stored at -20°C.
Protocol C: DNA extraction using DNAZOL ® Genomic DNA Isolation Reagent
The DNA extraction with DNAzol ® reagent (Invitrogen, SP, Brazil) was performed according to manufacturer instructions.
DNA quantification
DNA sample concentrations were determined by spectrophotometry at the wavelength of 260 nm for the DNA and 280 nm for proteins, and the purity observed using OD 260/OD 280, in NanoDrop equipment (Thermo Fisher Scientific, Wilmington, DE, USA). Concentration results are given in ng/µL, and the DNA purity results are reported as the OD 260/OD 280.
β-actin PCR amplification
To verify the quality of genomic DNA samples after the extraction procedures, a PCR for β-actin gene amplification was performed. The β-actin gene was selected because it is a constitutive gene in equids. A pair of oligonucleotide primers was established using the 3_www_results.cgi v 0.4 software, based on sequences of equine β-actin stored at the genome bank Genbank (ncbi.nlm.nih.gov). The sequences of the left and right primers are 5'-CGACATCCGTAAGGACCTGT-3' and 5'-GTGGACAATGAGGCCAGAAT-3', respectively, and a fragment of 191 bp was amplified. PCR consisted of 10 mM Tris-HCl, pH 9.0, 50 mM KCl, 1.5 mM MgCl 2 , 0.1% Triton X-100, 20 mM of each dNTP, 10 pM of each specific primer, 1 U Taq DNA polymerase (Invitrogen), and 1 µg DNA, in a final volume of 20 µL. The amplification using this primer pair consisted of an initial denaturation cycle of 95°C for 3 min, followed by 37 cycles of 94°C for 30 s, 56°C for 30 s and 72°C for 30 s and a final extension cycle of 72°C for 7 min. DNA extracted from Equine Dermal cell lineage was used as a positive control and the PCR reagent as a negative control. The amplified fragment was visualized by 1% agarose gel electrophoresis, stained with ethidium bromide at a final concentration of 0.5 µg/mL.
Cost estimation
The costs of Protocols A, B and C were calculated based on materials and reagents used for each extraction, divided by the number of samples processed.
Statistical analysis
The analysis of variance was performed using a general linear mode by the STATA 10 software that controls two factors: three different protocols for DNA extraction and two types of samples (PBMCs and lung fragments). The interaction between the two factors was also tested. The Student t-test was used to compare the average values.
RESULTS
The results from DNA extractions compared by β-actin amplification in PCR, generating a fragment of 191 bp (Figure 1) , demonstrated that Protocol A extractions resulted in 100% β-actin amplification in lung fragment samples, and 94.1% in PBMC samples. Therefore, DNA extractions using Protocol B resulted in 84.8% β-actin amplification in lung fragment samples, while in PBMC samples it resulted in amplifications of 100%. On the other hand, DNA extractions using Protocol C resulted in 100% β-actin amplification in lung fragment samples, the same as the result using Protocol A. But, the β-actin amplification efficiency in PBMC samples was very low, just 55.8% (Table 1) . Hence, Protocols A and C presented sensitivity of 100% for β-actin amplification in lung fragment samples. Conversely, Protocol B presented higher sensitivity in PCR amplification in PBMC samples when compared with Protocols A and C (Table 1 ). In order to analyze the PCR results from β-actin amplification, the Fisher test was used. In Protocol A, PCR results did not differ among the samples evaluated (P = 0.492); in Protocol B, results differed marginally (P = 0.053), and in Protocol C, PCR results were significantly different (P < 0.001), due to the high percentage of negative amplifications for DNA samples extracted from PBMCs (Table 1) .
Comparing DNA sample quantification from lung fragments, we observed that the extraction with Protocol A gave the highest DNA concentration, as compared with Protocols B and C (P < 0.001) (Figure 2 ). Therefore, in PBMC samples, Protocol B obtained a higher concentration of DNA (Table 1) , and Protocol A presented a lower yield of DNA than Protocols B and C (P < 0.05) (Figure 2 ).
Evaluating protocols by the time consumed performing the extractions, Protocol C was the fastest and the most practical in execution, with fewer steps during the procedure as compared with Protocols A and B. Protocol A is the most time-consuming method, requiring 3 days to perform, and also using toxic reagent. When comparing protocols by cost, Protocol B presented the lowest costs for DNA extraction, followed by Protocol A and then Protocol C ( Table 1 ). The higher purity for samples (OD 260/OD 280) was observed using Protocols A and C for PBMCs and lung fragments (Table 1) .
Evaluating the two different samples (lung fragment and PBMC) using Protocol A, a statistically significant difference (P < 0.001) was observed. However, no statistical significant difference was observed in samples extracted by Protocols B and C (Figure 2) .
The existence of interactions prevents separate comparison of the different protocols and samples. So, DNA concentration results for Protocols B and C were similar, regardless the kind of sample used. On the other hand, Protocol A was more efficient in extracting DNA from lung fragments than in PBMC samples.
DISCUSSION
In the present study, the DNA concentrations by the different protocols are in agreement with the β-actin gene amplification using PCR, which revealed a higher amplification of the gene in lung fragment samples using Protocol A, and in PBMC samples using Protocol B. Upon comparison of the three methods used for quantifying DNA and the percentage of PCR amplifications, we conclude that Protocol A is the most suitable for DNA extraction in lung fragments. Although it is hard to perform, Protocol A produces high DNA concentrations, with 100% of β-actin gene amplification, avoiding false negatives in diagnostic use. The same results were observed in DNA from lung fragments extracted using Protocol C, a fast protocol, with few steps involving sample manipulation, but it is an expensive method for use in routine extractions. According to PCR results, Protocol B was not efficient in comparison with Protocols A and C in lung fragments, which can be explained by the various shaking steps that may have contributed to damaging the structure of the nucleic acid in some samples.
Therefore, for PBMC samples, Protocol B was the only one that produced 100% β-actin gene amplifications. Protocol A produced higher DNA concentrations, though Protocol B was more viable, since the final product is more accessible to PCR, and is also not harmful to the health of technicians, whereas Protocol A takes three days and uses toxic chemicals (Fernandes et al., 2004) . Besides, Protocol B presented the lowest cost for DNA extraction in comparison with the other methods.
Several methods have been suggested to remove the risks posed by phenol to technicians and the environment. The use of manufactured kits decreases the risks and the time needed for DNA extraction, but the quality and quantity of DNA recovered vary widely (Loffler et al., 1997) .
Finally, Protocol C did not show great efficiency for DNA extraction from PBMC samples, demonstrated by 44.2% of negative β-actin amplification in samples tested by PCR, but this method provided great results in DNA extraction from lung fragments (Table 1 ). With few sample manipulation steps, it can be recommended for DNA extraction from lung fragments.
So, Protocol C is the most highly recommended for DNA extraction from lung fragments, because of its advantages, such as the short time required for the procedure, high DNA concentrations, and high sensitivity in PCR amplifications. Therefore, Protocol B is the most E.M. Santos et al. highly recommended for DNA extraction from PBMC, with high sensitivity in PCR amplifications, low cost and easy execution.
